Abstract-Among various reasons, one of the main causes of voltage instability is the reactive power limit of the system. Thus, improving the reactive power handling capacity of the system through Flexible AC transmission System (FACTS) devices may be a better option for prevention of voltage instability and voltage disturbances. In this work, the effects of static var compensator (SVC) and static synchronous compensator (STATCOM) in voltage stability enhancement of wind integrated power system has been studied. A comparative analysis between voltage stability of the system without shunt FACTs device, with SVC and with STACOM has been presented.
objectives like rapid voltage control [12] , damping of the oscillations [13, 14] and improving the loading margin [17] in power system. In this work, an attempt has been made to investigate the impact of SVC and STATCOM on maintaining voltage security of a wind integrated power system.
II.
SYSTEM UNDER CONSIDERATION A simple four bus power network as shown in Fig.1 , is implemented in simulink to investigate the performance of system parameters in the presence and absence of shunt FACTS devices.
Integration of wind farm with grid through point of common coupling (PCC) is done by a separate step up transformer. This transformer is connected to grid by a pi-section transmission line.
III. BRIEF INTRODUCION TO SHUNT FACTS DEVICES
Owing to their ability to control all the parameters like series impedance, shunt impedance, voltage, current, phase angle which govern the power flowing in the transmission systems, the FACTs devices have improved the controllability of both real and reactive power [15] . Primarily, the shunt connected devices inject a variable shunt current into the line at the point of coupling of these devices. Similar to the different structures of series connected devices, shunt devices may either have variable shunt impedance or variable shunt connected voltage source converters. Among different types of shunt connected devices, the usage of the variable impedance type of SVC and the variable voltage source type of STATCOM are more popular. In all these devices, as long as the injected current is in quadrature with the bus voltage, it will supply or demand only reactive power. Therefore, the shunt devices operate generally as reactive power compensators.
SVC
It consists of a number of thyristor switched capacitors (TSC) in shunt with a thyristor controlled reactor (TCR). The TSC provides step change of connected shunt capacitance while the TCR provides continuous control of the equivalent shunt reactance. The SVC [9] can be operated to provide reactive power control or closed-loop AC voltage control. For closed-loop AC voltage control, the line voltage, as calculated at the point of connection, is compared to a reference value and an error signal is generated. This is passed to a PI controller to generate the necessary susceptance value. It is then transmitted to the non-linear admittance characteristic to generate the firing angle for the TCR and to find out the number of TSC stages require to be switched on. The firing angle is passed to the gate pulse generator, which then generates the firing pulse for the TCR.
STATCOM
Among many devices in the family of FACTs, STATCOM has been identified as one of the fastest responding devices which can regulate the voltage at the node where it is connected by controlling the amount of reactive power flowing to or from the same node. It generates a set of balanced three- phase sinusoidal voltages at the fundamental frequency, with rapidly controllable amplitude and phase angle. The objective of the STATCOM is to supply the desired amount of reactive compensation to directly regulate the system voltage. A basic principle is that by rapidly altering the amount of reactive power provided by the DFIG and the STATCOM during stressed operating conditions, it is possible to reduce the level of voltage sags [12] . This aspect has been utilized in this work, i.e. during the availability of surplus wind power conditions. During low or high voltage conditions at the bus of its location, the STATCOM can generate or absorb both capacitive and inductive natured reactive power so that voltage deviations can be reduced. Thus STATCOM has also the capability of improving the power quality and stability of the wind generators.
The main advantage of the STATCOM over SVC is that the compensating current is independent of the voltage level of the connecting point and thus the compensating current is not lowered as the voltage drops [18] . This is an important feature now that the new grid codes will require wind turbines to supply reactive power variably depending on network demand and actual voltage level. However, regarding the LVRT, the most relevant feature of the STATCOM will be its inherent capability to increase the transient stability margin by injecting a controllable reactive current independently of the grid voltage.
IV. SIMULATION RESULTS AND DISCUSSION
The system under consideration as shown in Fig.1 is subjected to variation of wind speed. In this work, two different wind speed i.e. 12 m/sec and 15 m/sec are applied. The system voltage and reactive power variation is analyzed when wind speed is varied from 12 m/s to 15m/s. Further, to demonstrate the effect of incorporation of shunt FACTS devices on system parameters, SVC and STATCOM each of 20MVar capacity is installed separately in the system. Thus a comparative analysis is carried out between the functioning aspects of system in different operating scenario. Those are a) without FACTS controller b) With SVC and c) With STATCOM. The study of these scenario is carried out in accordance with changing wind speed. The results obtained is presented in Fig.2. -Fig.5 . From the figures it is clearly portrayed that STATCOM may be a better option as compared to SVC in providing reactive power support to wind integrated power system even during fluctuating wind speed. Fig.2 and Fig.4 shows the superiority of STATCOM in maintaining an improved voltage while Fig.3 and Fig.5 depicts the superior reactive power exchange capability of STATCOM as compared to other operating scenario. V. CONCLUSION Due to the unpredictable nature of wind, the real power output of a wind powered unit becomes fluctuating. This poses serious operational issues in corresponding variation of reactive power and voltage stability of the system. In this context impact of SVC and STATCOM on system performance was investigated. It was concluded from various tests and analysis that although both the shunt FACTS devices considerably improve the system voltage stability, still the performance of STATCOM was far more superior to that of SVC in meeting the operational objective. Further the work may be extended to investigate and utilize the advantages regarding controllability STATCOM, in addition to providing LVRT to induction generators within a desired rating at a reasonable cost.
